Background: Hyaluronidase can be employed to manage a variety of complications associated with cosmetic hyaluronic acid (HA) filler injection. However, the indications and treatment protocol for hyaluronidase use have not been well established.
Introduction
Hyaluronic acid (HA) filler injection is an increasingly popular technique utilized for volume replacement, noninvasive skin rejuvenation, and soft tissue augmentation. Endogenous HA is a major structural component of the extracellular matrix of the skin and acts to maintain hydration in the dermis [1] . HA has an absorbent capacity one thousand times its volume. Filler injection with exogenous HA gel offers a number of advantages that contributes to its widespread use. HA is resorbable or biodegradable, typically over 6 to18 months duration, and is associated with a less than one percent risk of hypersensitivity [1] [2] [3] [4] . While HA injection is considered safe, several types of adverse events are recognized. If injections are placed too superficially or if excessive quantities are injected, there is a potential to develop the Tyndall effect, subcutaneous nodules, or asymmetrical outcomes. Other less common complications include: persistent edema, foreign body reactions, bacterial infection, tissue necrosis secondary to vascular occlusion or compression, and visual impairment from embolized filler material [1, [4] [5] [6] ].
An additional benefit of HA is that it can be degraded through the use of hyaluronidase [3, [7] [8] [9] . This is especially important in preventing some of the adverse outcomes aforementioned. Hyaluronidase is a naturally occurring enzyme and has been long used in medicine to facilitate the diffusion of anesthesia prior to ophthalmic procedures [7, 10] . While the successful use of hyaluronidase to reverse the effects of exogenously injected HA has been described in a number of reports, there are currently no accepted standardized guidelines for its use. The dose, timing, injection technique, and reconstitution procedure are not currently well established or widely accepted [4] .
For example, the doses of hyaluronidase reported in the literature to reverse HA filler injection vary greatly from 5 to 300 units [5, 7, 11] .
Therefore we sought to review the available literature in order to better elucidate a standardized approach to the use of hyaluronidase after HA filler injection. PubMed/MEDLINE databases were utilized to identify studies pertaining to the use of hyaluronidase in the management of complications associated with HA filler injection. All available reports and studies from 1966 to present were considered in order to provide a comprehensive overview of the literature regarding the efficacy, safety, recommended use of hyaluronidase.
Hyaluronidase Indications and Approach to Use
The efficacy of hyaluronidase for the reversal of HA injections was formally demonstrated by a randomized, controlled trial conducted by Vartanian et al. [12] . In the study, twelve participants received two 0.2 mL injections of non-animal stabilized HA in the proximal forearm. One to three days after injection, skin scores were determined on a 0-5 scale based on the size of augmentation. Participants then randomly received 0.5 mL of 75 units of hyaluronidase or normal saline vehicle. After one week, participants who received hyaluronidase demonstrated an 80% decline in skin scores, compared to a 10% decline among saline controls (p<0.001). Ninety days after treatment, there was no palpable remnant of the HA injection in 92% of subjects in the treatment group, while all control patients injected with saline continued to have detectable HA [12] .
In practice, one primary consideration in the use of hyaluronidase is in the clinical context in which the removal of HA is desired. In general, complications of HA fillers can be categorized as emergent complications, notably vascular obstruction and skin necrosis, and non-emergent complications, such as over-correction, non-inflamed nodules, edema, and inflammatory nodules [4] . Accordingly the
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ISSN: approach to using hyaluronidase should be adjusted according to the indication, anatomical location, and desired clinical effect [7, 13] .
Vascular obstruction and skin necrosis
One uncommon but potentially serious complication of HA filler injection is skin necrosis [13] . It has been proposed that ischemia may occur secondary to compression of vasculature by extra-vascular filler material after the HA hydrates and expands, or through inadvertent intra-arterial HA injection [3, 6, 8, 14, 15] . There are also reports of skin necrosis in areas distant from the injection site, suggesting embolization after introduction of intra-arterial filler material [3, 16] . One particularly ominous complication is the potential for visual impairment secondary to intra-arterial injection and obstruction of branches of the retinal or ophthalmic arteries [4, 17, 18] , which has most commonly been reported after filler injection into the glabella or nasolabial folds [17, 18] .
Similarly, the most commonly reported injected areas associated with skin necrosis include the glabella and nasal ala [3, 4, 19] , as these regions have limited collateral blood supply [6, 8] . Skin necrosis generally presents with blanching and dusky discoloration, along with pain in the affected area [3, 13] . Venous occlusion has also been described, presenting with the delayed onset of vague discomfort and ecchymotic appearing lesions [4, 20] . Management of ischemic complications may include the promotion of vasodilation through warm compress, 2% nitroglycerine paste, or sildenafil, as well as systemic corticosteroids, anticoagulation with aspirin or low molecular weight heparin, and intralesional hyaluronidase injection [3, 8, [19] [20] [21] .
In this context, hyaluronidase, given in doses ranging from 30-75 units in normal saline or lidocaine, have been described [8, 14] . While the exact timeframe for hyaluronidase injection has not been well established, hyaluronidase should be injected as early as possible. Hirsh and colleagues reported a case in which a patient developed signs of ischemia and impending tissue necrosis after injections into the nasolabial folds. The patient was successfully managed by the administration of 30 units of hyaluronidase in the region of suspected blockage six hours after the initial injection, along with two 325 mg aspirin tablets, nitroglycerine paste, and warm compress [8] . In contrast, Kim et al. reported a case series of four patients who developed skin necrosis after HA filler injection in the nasal area. Two patients received hyaluronidase injection (dose undocumented) one day after the procedure, which failed in salvaging the affected skin [3] . In order to further elucidate the timing, Kim et al. conducted an experiment using rabbit ears in which HA filler was injected in the auricular arteries of five rabbits. Hyaluronidase was then injected at 4-hour or 24-hour time points. The authors report that there was significant reduction in the area of necrosis when hyaluronidase was administered at the 4-hour time point, while no benefit was observed when injected at 24 hours [3] .
When managing a case of intra-arterial HA injection studies suggest that direct intravascular administration of hyaluronidase is not typically required, as hyaluronidase readily diffuses into the vascular lumen [3, 13, 22] . DeLorenzi conducted a study in which fresh, intact human cadaveric facial arteries were filled with HA and placed in hyaluronidase solution. The authors reported elimination of luminal HA within four hours [22] . Therefore hyaluronidase may be injected into the region of a suspected obstruction rather than directly into the vasculature. Of note, DeLorenzi reports that through personal correspondence the author is aware of one unpublished case where ischemia resolved only after intra-arterial hyaluronidase injection [13] . While reports of intravascular hyaluronidase after filler injection were not identified, this technique has been historically described in the literature for other indications, such as for the treatment ulcers in the context of arterial disease [23] .
Non-inflamed lesions
Excessive quantities or misplacement of HA may result in the development of subcutaneous nodules [1, 2, 7, 24] . Given that HA is resorbable, uncomplicated nodules will eventually self-resolve over time [24] . However, if a nodule is painful or if the patient is bothered by its appearance, hyaluronidase can be employed to resolve the nodule. Several cases have been reported in the literature that describe successful resolution of nasojugal and cheek nodules associated with HA injection after injection of 75 units of hyaluronidase, reconstituted in 0.5% lidocaine with epinephrine [25, 26] . However, several authors have advocated the use of lower initial doses. In one report, Hirsh and colleagues suggest that an initial injection of 30 units diluted in normal saline, along with follow up 3-4 days later is preferable [27] .
In instances of overly superficial injection, nodules may form with a blue discoloration due to the "Tyndall effect", in which light scatters through the HA gel producing wavelengths that are perceived as blue [8, 17] . Another potential adverse effect is the development of prolonged edema, especially in the malar region [21] . Management of persistent, defined as greater than one-month duration, malar edema consists of massage of the region, cold compress, systemic corticosteroid taper, as well as hyaluronidase injection [21] . Richards and colleagues reported a case describing the use of hyaluronidase for persistent, recurrent swelling two months after HA filler injection [9] . The patient was treated with 25 units of hyaluronidase prepared by dilution of 50 units/mL hyaluronidase in bacteriostatic 0.9% saline. The patient presented two more times with the same complaint, at 4 and 18 months after initial injection, and was successfully treated with 25 units of hyaluronidase at each visit [9] . However, over that time period, one could conclude that the edema resolved as the HA product naturally resorbed. Hyaluronidase may also be used to manage complications associated with migration of filler material. In one case, a patient received 0.8 mL of HA in the cheeks bilaterally and developed intraorbital edema after three months. The authors hypothesized that the filler material may have migrated from the original injection location. Complete resolution was achieved after a single injection of 30 units of hyaluronidase into the lesion [9] .
Given the inconsistency of doses in reported cases, Vartanian and colleagues sought to determine the necessary hyaluronidase dose in a prospective trial [12] . Eight participants received three injections with 0.2 mL of HA and after 3-5 days, each site was randomly injected with 10, 20 or 30 units of hyaluronidase. A total volume of 0.4 mL was injected in all cases and hyaluronidase was reconstituted in normal saline. Upon follow up, there were no statistically significant differences between treated doses, although there was a nonsignificant trend towards more rapid decline of skin scores in lesions Citation: Cohen treated with higher doses. Based on these results, the authors suggest that 5-10 units of hyaluronidase administered in a volume of 0.1-0.2 mL (50 units/mL) is an appropriate initial dose in non-emergent circumstances. It was additionally suggested that use of lower dose might mitigate the risk of local hypersensitivity [12] .
Periorbital lesions
In areas of thinner skin, such as the inferior eyelids, lower doses of hyaluronidase have been successfully employed. Menon et al. reported the case of a patient who received 0.4 mL of HA in the lower lids and developed blue discoloration and evidence of overcorrection [11] . The patient was initially treated with 3 units (0.2 mL injected volume) of hyaluronidase reconstituted in normal saline into the affect regions. After one treatment, there was resolution of the left side, although the right side required an additional 1.5 units of hyaluronidase two days later [11] . While doses greater than 100 units have been reported for the management of uncomplicated overcorrection of the lower lids [28] , the authors suggest that initial doses as low as 1.5-3 units are sufficient in this region and reduce the risk of allergic reactions and loss of initial treatment effect [11] .
In a retrospective review of the management of lower eyelid edema following HA injection in 14 patients, hyaluronidase doses of 20-75 units (injected a volume of 0.2-0.5 mL) were injected per region [29] . All patients responded to therapy without known recurrence. In two cases, all previously injected HA was degraded, resulting in loss of treatment appearance. Accordingly, the authors advocate for starting at an initial lower dose than those reported in the study, followed by gradual increase in dose over multiple treatment sessions, if necessary [29] .
The reconstitution of hyaluronidase in solution prior to injection has been suggested to facilitate diffusion and produce more rapid results than the injection of concentrated hyaluronidase [10] ; however, there is heterogeneity among reported cases regarding the reconstitution solvent. Available reports describe the reconstitution of hyaluronidase in normal saline, lidocaine, or lidocaine with epinephrine, often without comment regarding the basis of the choice. In one case reported by Brody and colleagues, a patient presented with soft nodules with blue discoloration after HA injection in the bilateral infraorbital area [10] . The patient was treated with 75 units of hyaluronidase, given in a volume of 1 mL reconstituted in 1% lidocaine with epinephrine. Of note, the authors discuss lidocaine with epinephrine was selected with the aim of reducing bruising; however, this was ineffective, suggesting that dilution in normal saline or lidocaine is adequate [10] .
Inflammatory nodules
The development of inflammatory nodules have also been described after HA injection and may occur due to infection and development of an active biofilm [5, 24] . If infection is suspected, initial management may include oral antibiotics, incision and drainage if the lesion is fluctuant, and intralesional corticosteroids [2, 7, 24] . It is emphasized that steroids should also be administered after antibiotic treatment has been initiated [24] . Hyaluronidase injection has also been described in the management of painful, inflammatory nodules. Hyaluronidase has been demonstrated in vitro to effectively break down bacterial biofilms [30] and has been shown to have a role clinically in the management of infections related to filler injections [31] . Concurrent management with oral antibiotics is recommended as the administration of hyaluronidase may disseminate the injection by breaking up the collection [32] .
Inflamed nodules may also occur due to granulomatous reactions associated with HA gel or contaminating proteins [25] . Brody et al. reported a case in which an inflamed nodule demonstrated to be sterile chronic granulomatous inflammation resolved using hyaluronidase. The patient received non-animal stabilized HA for perioral rhytides and one week later presented with an inflamed nodule [10] . Initial management with intralesional triamcinolone acetonide, an oral prednisone taper, and a course of cephalexin and trimethoprimsulfamethoxazole were ineffective. The nodule was then injected with 15 units of hyaluronidase in 1% lidocaine with epinephrine (0.2 mL volume) and within one day the lesion permanently resolved (Table  1 ) [10] .
Adverse Effects of Hyaluronidase
Although hyaluronidase is associated with a low risk of adverse effects, there have been reports of complications associated with its use, notably a risk of hypersensitivity reactions. In the trial by Vartanian and colleagues, four (25%) patients developed localized hypersensitivity reactions characterized by transient erythema and pruritus, which developed on average thirty minutes after injection [12] . More severe hypersensitivity reactions, such as facial angioedema and anaphylaxis, have also been rarely described, with an estimated incidence of incidence of 0.1% [7, 8, 10, 33] . However, document cases of anaphylaxis are associated with larger doses of utilized to facilitate anesthesia administration [34] .
The risk of hypersensitivity is also related to the source of hyaluronidase employed. There are several commercially available types of hyaluronidase (Table 2 ). These include hyaluronidase extracted from bovine testicular tissue (Amphadase TM and Hydase was then injected with 112.5 units of ovine-derived hyaluronidase and within ten minutes developed angioedema of the face [36] . The patient was successfully managed with betamethasone injection and a prednisolone taper [36] . While the large dose administered in this case may have contributed to the reaction, routine skin allergy testing prior to treatment with hyaluronidase has been advocated by several authors [9, 10, 36, 37] . Brody et al. suggested intra-dermal injection of 3 units of hyaluronidase to test for the development of a wheal prior to hyaluronidase treatment, especially if derived from bovine or ovine sources [10] . However, in emergent cases of skin necrosis skin testing may not be practical [14] .
Another consideration is that hyaluronidase is contraindicated in patients who have previously developed hypersensitivity reactions to bee or wasp stings [8, 13, 25, 36] . Physicians should inquire about a history of allergy to insect stings, as cross reactivity has been demonstrated with endogenous hyaluronidase antigens [38] . It is also notable that certain medications, including aspirin, corticosteroids, estrogens, furosemide, benzodiazepines, phenytoinand antihistamines, may make tissues less sensitive to hyaluronidase and larger doses or repeated treatments may be necessary in patients taking these medications [10, 36] . 
Conclusions
Hyaluronidase is an important tool in the management of complications related to HA filler injections. The recommended use and dosage of hyaluronidase depends on the clinical context and original quantity of HA administered. The majority of available types of hyaluronidase contain 150 units per 1 mL, with the exception of Vitrase TM , which is available as 200 units/mL. In the case of uncomplicated nodules involving periorbital, perioral, and nasal regions, 5-15 units may be initially attempted. For delicate areas such the lower eyelid, doses starting at 1.5-3 units may be employed. Similar starting doses may be utilized for inflammatory nodules, along with systemic antibiotics, followed by intralesional or systemic corticosteroids. In emergent cases of ischemia and impending skin necrosis, 30-75 units of hyaluronidase may be administered to the suspected region of blockage, along with warm compress, nitroglycerine, and, in patients who are not already taking anticoagulants, systemic anti-coagulation or anti-platelet agents. The direct intravascular injection of hyaluronidase is not generally required, as hyaluronidase has been shown to diffuse across vessel walls. After an ischemic event, systemic antibiotic and anti-herpetic prophylaxis is also recommended.
Evidence to support the use of lidocaine with or without epinephrine is lacking [32] . Therefore, normal saline can be considered to reconstitute the hyaluronidase (Figure 1 ). Given the potential for local and systemic allergic reactions associated with hyaluronidase, skin testing may be considered in non-emergent cases. The risk of hypersensitivity may be mitigated by the use of human recombinant hyaluronidase rather than animal derived sources.
As the popularity of HA filler injections continued to increase, hyaluronidaseuse can be expected to rise in parallel. Therefore continued report of cases and further prospective trials of hyaluronidase are warranted to continue to elucidate the indications and ideal treatment protocol.
